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the angular velocities of the moving system of axes about the three 
axes themselves. In this expression ttig, t«j, Wg may be any arbitrary 
functions either of the time or of the elements; but in any case these 
functions are to be exempted from differentiation vyith respect to the 
elements in taking the partial differential coefficients of the disturb- 
ing function. 

This result is illustrated by referring the motion of a system con- 
sisting of two planets to axes so chosen that the plane of xy shall 
always coincide with the principal plane of the system, and the axis 
of X, from which all longitudes are reckoned, shall always coincide 
with the line of nodes ; there are thus obtained twelve rigorous 
simultaneous differential equations, of which nine form a system 
apart, containing only the major axes, excentricities, epochs, longi- 
tudes of perihelia, and mutual inclination of the two orbits, and 
afford an example of the so-called "elimination of the nodes;" 
whilst the remaining three (which contain also these nine elements, 
but not their differential coefficients) determine the motion of the 
principal plane and of the line of nodes, relatively to fixed space. 
The mutual inclination of the two orbits being supposed known, 
their several inclinations to the principal plane are given by simple 
relations ; and the positions of the planets in their orbits (their 
longitudes reckoned from the line of nodes) being supposed knownj 
their motions relatively to fixed space would thus be completely 
determined . 



IV. Extract of a Letter, dated January 6, 1855, from J. Mit- 
chell, Esq., Quartermaster of Artillery, Bangalore, " On 
the Influence of Local Altitude on the Burning of the Fuses 
of Shells." 

" In the early part of the year 1848, at the annual practice of the 
Artillery in this garrison, it was observed that the fuses burned too 
long a time. The regular burning of fuses being a matter of much 
importance, the circumstance was duly reported to Artillery Head 
Quarters, and a portion of each kind was directed to be sent to 
St. Thomas's Mount (eight miles from Madras and on the same 
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level) for examination, where they were found to burn correctly, and 
as at that time no one suspected the real cause of the discrepance, it 
was concluded there had been some error in the length of our pen- 
dulum, and there for the time the matter rested. 

" But as I was satisfied, for many reasons, that it was not owing to 
an error in the pendulum, I determined to keep the subject in mind, 
and for the practice in the following year (1849) I caused to be 
made an adjustable pendulum which beat seconds very correctly for 
several minutes. This pendulum was daily compared with two or 
more seconds' watches to make all safe, and, as our longest time of 
flight did not exceed twenty seconds, no error could possibly arise 
from this source. The result was that the fuses again burnt too 
long at Bangalore, and were again found to burn correctly at 
St. Thomas's Mount. 

" This was a mystery to all; but after the matte rhad cost me much 
thought, it occurred to me that the cause was to be sought in the 
diiFerence of altitude between St. Thomas's Mount and Bangalore, 
nearly 3000 feet ; and as a means of putting this to the test, I sug- 
gested that some fuses should be burnt at the Mount, or at Madras, 
under a receiver, exhausted until the barometer stood at the Banga- 
lore mean height, or about 27 inches. This, however, it was not 
found convenient to do ; but, as an equally satisfactory way of test- 
ing the accuracy of my conclusions, a small number of fuses were 
prepared and burnt at St. Thomas's Mount, at Bangalore, and at 
two different altitudes on the Neilgherry Hills, as will be seen by 
the annexed copy of an official memorandum ; and although this ex- 
periment was too limited to enable us to compile a scale of the pro- 
bable times a certain length of fuse composition would burn at given 
altitudes, it amply proves the fact that combustion is retarded at 
considerable elevations. 

" Memorandum of an experiment to ascertain whether the atmo- 
sphere influences the burning of fuses : — 

" Eighteen 8-inch fuses, made of the same description of wood 
(Congo), were filled with composition made for the purpose. The 
same man drove the whole on the morning of the 2nd August 1849, 
using the same mallet and drifts. Six of the fuses were burnt at the 
Mount, six at Bangalore, and six on the Neilgherry Hills ; all in the 
presence of artillery officers ; the result is shown below " : — 
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Time. 


station. 


Length 
of fuse. 


Time 

of 

burning 


Baro- 
meter. 


Thermo, 
meter. 


Height above 

the level of the 

sea. 

j 


August 2, 1849. 
i past 12 
o'clock. 


St, Thomas's 
Mount. 


1 . 
m. 

3 

3 

3 

3 

3 

3 


sees. 
14-15 
14-30 
14-30 
14-30 
14-15 
14-30 


i'H. 
29-78 


89 


1 
Artillery 
DepSt yard. 

1 


August 17, 1849. 
■J past 5 P.M. 


Bangalore. 


3 
3 

3 
3 
3 
3 


16-00 
0-0* 
15-75 
15-15 
15-75 
16-25 


26-89 


82 


3000 ft. 


August 31, 1849. 
-J- past 7 A.M. 


Kotagherry, 
Neilgherries. 


3 
3 
3 

3 


17-00 

17-00 

0-0* 

17-30 


24-025 


Att. 62-7 
Det.61-8 


6500 ft. 


Sept. 8, 1849. 
20 minutes past 

8 A.M. 


Cotacamund, 
Neilgherries. 


3 
3 
3 


18-00 
18-25 


23-030 


54-2 


7300 ft. 



The -ivriter attributes the result to the rarity of the atmospheric 
air, and of its constituent oxygen at the higher stations. 

* The fuses thus marked accidentally ignited at both ends. 



